The aim of this paper is to identify and provide a discussion about aspects related to benefits of Intelligent Truck Parking (ITP) for Heavy Goods Vehicles (HGVs) and their effects on different stakeholders. Most existing work has narrowly focused on benefits for private cars and does not include the user perspective. In this paper, a review of previous work helps identify benefit areas and stakeholder groups relevant for HGV transport. These benefit areas are then theoretically assessed and compared for different stakeholders. Additionally, interview results of Swedish drivers' and companies' perceptions of the ITP service are presented. Comparing results of the interviews with the theoretical assessment indicates that the end users may not perceive ITP as highly beneficial although they theoretically benefit the most. Companies, particularly national haulage companies, expressed a low willingness to pay for the service. The general conclusion is that the ITP service has a better chance of success as part of a package of services rather than as a stand-alone service.
INTRODUCTION
It has been estimated that to comply with working time directives, over 44% of journeys within international road freight transport require at least one rest (1) . This implies that there is a high demand for parking infrastructure to accommodate the needs of different transport stakeholders, especially professional drivers. Intelligent Truck Parking (ITP), also known as Information on Truck Parking, is an Intelligent Transportation Systems (ITS) user service concerned with the management of information related to Heavy Goods Vehicle (HGV) parking operations. ITP collects data about parking facilities (services and availability), processes the data, e.g. occupancy level, and communicates the information to drivers (in real ITP can successfully be achieved if knowledge about benefits is shared among stakeholders. Currently it is unclear what benefits exist and for whom. Many studies have focused on addressing the evaluation of advanced parking management information systems for private cars (8) (9) (10) (11) 26) . A number of benefits have been reported including balancing the load for overcrowded parking facilities, reduction in waiting time before parking, reduction in illegal on-street parking, reduction in wandering vehicles, alleviation of traffic congestion, reduction in air pollution, and increased user convenience. Benefits have even been reported in the areas of travel times, distance, destination choice as well as influencing mode choice (8) in transit areas. As most of these advanced parking management systems were developed for city areas (8, 11) , the support for long-distance HGV transport is limited. Indeed the knowledge about the benefits of ITP for HGV transport in general is limited and the degree to which the benefits will meet or exceed those identified for private cars. In addition, HGV transport requires dynamic and flexible management of parking information, and ITP anticipates addressing these needs. Initial assessments of ITP in Sweden indicate a possible reduction in the cost of missing and delayed goods and a reduction in time-based costs for HGVs (12) . Potential stakeholder benefits of improved truck parking facilities have also been addressed in the project LABEL (4) . However, most of the previous work has narrowly focused on certain specific benefit areas for private cars such as time savings, and does not take a comprehensive approach, e.g. little attention is paid to the user perspective or to the situation for HGVs.
The aim of this paper is to identify and provide extensive discussion about aspects related to benefits of ITP for HGVs and their effects on different stakeholders in society. This study differs from earlier work done in that it focuses on the benefits on a high level and attempts to identify the stakeholders accruing such benefits. In addition, this study presents interview data of the attitudes of Swedish professional HGV drivers and road haulage company representatives regarding integrity aspects of, perceived benefits of, and willingness to pay for the ITP service. The results of the interviews are compared with the literature-based theoretical assessment of the authors and indicate that the end users may not perceive ITP as highly beneficial although they theoretically benefit the most. By using both theoretical analysis of information from different sources and interviews of end users, a complementary and more comprehensive approach to assessing the potential benefits of ITP is presented.
METHODLOGY
To identify ITP benefit areas, reviews of previous work related to ITP (such as 2-4, 12-13) and advanced parking management systems (such as 8, 11) were conducted. A theoretical analysis helped identify potential stakeholders in the various benefit areas. Benefit areas were compared between stakeholders through an assessment and normalization process. The assessment was done by providing scores indicating if the benefit area will have a positive measurable effect, zero effect or negative measurable effect on the stakeholder group. The normalization was based on standard score or Z-score normalization, which compares the deviation from the mean value to the standard deviation. The reason for choosing this normalization was to be able to compare different benefits across different stakeholders while dealing with several variables.
In order to directly investigate the end users' attitudes, structured interviews via telephone were chosen. A self-administered questionnaire was considered, but judged to be a potential deterrent to recruitment as professional drivers might be reluctant to dedicate work breaks to such a task. In structured interviews, a quantitative data collection method, each respondent receives the same pre-determined questions in the same order and the questions often have a limited set of pre-determined responses. This consistency between individual structured interviews enables data aggregation and comparisons across respondents and time periods. Although context effects of question order cannot be completely eliminated, the nature of the structured interview holds these effects constant. As the number of respondents was expected to be limited, the time and labor costs were realistic. Even though structured interviews traditionally only allow for minimal responses, the interviewer did allow for respondents to elaborate if they so desired, with additional comments recorded by hand by the interviewer.
The data collected in the structured interviews was analyzed using PASW 18.0 for Macintosh. Due to the ordinal nature of the data (e.g. Likert Rating Scales of 1 to 5), non-parametric tests were used to test for significant differences (! = 5%): the Mann-Whitney U test compares differences between two independent groups (e.g. drivers' versus company representatives' answers to the same question) and the Wilcoxon Signed Rank test compares differences between two dependent groups (e.g. drivers' answers for two different questions). No significant differences were found in the interview data presented in this paper.
POTENTIAL BENEFIT AREAS
The following general benefit areas identified in the literature can be expected for ITP in the context of HGV transport. The extent to which such benefits are achieved will depend on the case under consideration. The areas identified below enable comparison and analysis of ITP benefits across regions and stakeholders.
B1: Parking facility search time This includes the time taken to locate and drive to a parking area. It is commonly estimated that the manual search and location of parking in cities such as Stockholm can take up to 30 minutes for private cars and could account for 30% of traffic on roads (11), a situation which is even more time-consuming for HGVs due a relatively fewer number of parking spots. A driver using ITP will receive real-time, up-to-date, pre-and on-trip information, which enables them to know exactly which parking facility is available and for how long. Consequently, the time used in manually searching for such parking will be expected to decrease and hence benefit HGV drivers. In addition the driver will be provided with several choices that can improve his decision, which could eventually also decrease (depending on the traffic situation) the time used in driving to the parking. Experiences on search time savings have been reported in the United States (8) and the United Kingdom (14) . In the case of reduced driving time, minor benefits in fuel consumption and vehicle depreciation will likely be achieved. A reduction in time for locating and driving to parking should improve the flow of traffic and hence benefits traffic controllers. Parking infrastructure users will likely experience better utilization because drivers should be able to easily locate parking facilities. The availability of parking information has been shown to reduce queue times and travel times for private cars (10).
B2: Parking-related theft and insecurity The Swedish National Council for Crime Prevention (BRÅ) reports a steady decrease in the number of vehicle-related crimes over the last decade (15) . Most of these crimes, however, continue to occur in parking areas. A number of reported theft cases in parking areas take place at inappropriate parking locations, which results in loss and damage to HGVs and their contents. ITP has the potential to minimize these cases using geo-fencing capabilities, which allow information about unauthorized intrusion to be communicated quickly to the appropriate authorities. The use of surveillance cameras alone indicates that it is possible to reduce vehicle-related crimes in parking up to 51% (27) . Improving security in parking areas has been shown to lead to a better work lifestyle, fewer dangers and help in informed decision making for drivers (13) . Road haulage companies and goods owners primarily benefit from improved security at parking areas, and the risks facing drivers should also decrease.
B3: Accidents as a result of roadside parking Generally, inappropriate roadside parking has increased in Europe due to regulations limiting the number of driving hours (16) . Statistics from the Swedish Enforcement Agency (Kronofogden-debt collection agency) indicate 45% of debt cases in 2008 were related to fines for illegal parking (primarily on roadsides), amounting to a total cost of 47.3 million Euros for car owners (17) . The major cause of illegal parking is lack of information about parking. For HGV drivers to avoid exceeding their maximum number of driving hours, drivers are forced to park on roadsides. Such parking has resulted in accidents from incoming traffic. Studies show that street parking (private cars) accounts for about 10% of accidents occurring in such areas (18) . One benefit of an ITP service will likely be to reduce such accidents. Reducing accidents should improve operations for a wide range of stakeholders including drivers, road haulage companies, goods owners and road users.
B4: Accidents as a result of fatigue from excessive driving time The driving task demands high concentration from the driver throughout the entire trip. The driver may get tired and, thus, should rest before continuing the trip. An HGV driver who avoids illegal parking (as in B3 above) and continues to drive will find himself not just exceeding the driving time limit, but also likely to suffer from fatigue. Such situations are said to account for up to 100,000 accidents per year worldwide and 25% of all road accidents in Sweden (19) . Providing the driver with information to enable better trip planning can reduce these accidents. Reducing fatigue-related accidents also benefits road haulage companies, goods owners, road users and traffic controllers.
B5: Utilization of parking facilities Due to lack of information about the availability and status of parking facilities, such facilities may be underutilized. HGV drivers turn to parking in unauthorized areas due to lack of adequate information about parking, leading to problems such as shoulder damage, restriction of sight, litter, noise, etc (20) . Sharing information about parking facilities can generally lead to better utilization of such facilities. Implementation of transit parking information service in the United States shows an increase in parking utilization (8, 21 ). This will primarily benefit the parking infrastructure owners.
B6: New business for Telematic Service Providers (TSPs) A successful implementation of ITP will be based on good business models. Such models benefit the TSPs, parking infrastructure owners and society in the form of employment.
B7: Perceived safety Access to information enhances perceived safety and security by lowering stress and uncertainty for the driver, particularly along unfamiliar routes. ITP information, such as parking availability and additional services offered in the vicinity of the parking area, enables the driver to both plan ahead and deal with unforeseen circumstances, which also increases the efficiency of the driving task (including stops and rest periods) and lowers stress. The knowledge that the goods are securely parked also increases the perceived safety and security on the parts of the drivers, haulage companies, and goods owners.
B8: Potential use as re-charging stations for hybrid vehicles With increasing interest in clean energy sources, the possibility of electric-powered trucks cannot be completely overruled (22) . With hybrid trucks that depend on electricity for fuel, it will be crucial to have access to accurate, up-to-date information about parking facilities and available recharging services. ITP can facilitate the move toward electric-powered trucks by managing the required time for charging and the available time for parking. The duration of charging is one aspect being considered in the development of components for charging electric vehicles (23).
B9: Potentially lower insurance premiums One overall benefit that will accrue from providing ITP is a clear mechanism of transferring responsibilities for goods and vehicles, depending on the level of security of the parking facility (24) . Added to an expected reduction in theft cases (B2) and accidents (B3), it can be expected that insurance premiums will likely decrease. This will create additional benefits for haulage companies and goods owners.
In addition to the above main direct benefits, indirect benefits can be taken into consideration, e.g. improved security will likely lead to fewer incidents and hence a company's reputation may be improved, which may also lead to increased revenue through increased contract wins (25) . It is important to point out that the anticipated benefits for ITP discussed above are dependent on the type of services that are implemented together with ITP (assuming they are also used), e.g. Navigation and ITP will not lead to the same benefits as Intelligent Speed Adaptation and ITP (12) .
THEORETICAL ASSESSMENT RESULTS
Various stakeholders ranging from HGV drivers to parking infrastructure owners will potentially be influenced by the introduction of ITP. A theoretical assessment of potential benefits for different stakeholders is provided based the authors' interpretation of the literature. These assessments are then normalized using the standard Student test in order to facilitate their comparison (Figure 1) . We consider three possible effects of benefits including:
X: Main benefits will not lead to any observable change €: Main benefits will lead to a quantifiable positive change ʘ: Main benefits will lead to a nonquantifiable positive change Using the above symbols we make a preliminary assessment of the benefit areas for different stakeholders, as shown in Table 1 The normalization process considers the following: € = 1, ʘ = 0.5 and X =0. Replacing the above estimate with the suggested weights, the standard score normalization or Zscore is then employed and the results obtained are shown in Figure 1 . Note the variation of the relative comparison is from negative to positive due to the normalization process. The comparisons above indicate that drivers will be the leading beneficiaries of the ITP service; followed by the road haulage companies, goods owners, parking infrastructure owners, traffic controllers, TSPs and road users. Since the results of the comparison depend much on the value of the weights associated with the benefits, such results need to be interpreted with care. However, we believe that the results of the comparison are early indications of some of the ITP benefits and their respective beneficiaries. One way to complement such an approach is to ask the end users themselves about their perspectives on the ITP service. Do the drivers and road haulage companies see themselves as benefitting from the ITP service?
INTERVIEW RESULTS
Fifty participants were recruited via contact with Sveriges Åkerier (a Swedish trade organization of road haulage companies), contacts with service providers, and Internet searches. The 19 companies who agreed to participate in the study were spread throughout Sweden and represented many types of haulage companies, from international and national long-distance haulage companies to regional delivery and distribution. A total of 50 structured interviews were completed via telephone in the fall of 2010, including interviews with 30 drivers from 13 companies and with 20 company representatives from 19 companies (two regional branches from one of the companies participated). Of the company representatives, 13 identified their companies as primarily national haulers and seven as international. The company representatives themselves included owners, traffic planners, project leaders, various managers, etc. Table 2 provides a key of symbols and overview of the socio-demographic characteristics of the participants.
The ITP scenario in the interview described ITP as follows: "The service aims to create systems for information about, management of, and booking of truck parking. It will inform the driver about current parking areas for trucks, if the parking area is monitored, the availability of additional services in the vicinity, and the possibility of booking a spot. The truck parking areas along the road as well as their occupancy levels and services will be seen on the on-board unit in the vehicle and the driver will then have the possibility to plan ahead and book a vacant place via the on-board unit. The driver can then better plan his stops in order to better utilize his time. This also means that the trucking company knows the locations of their drivers while resting, and that the owner and operator of the truck parking area knows where the drivers are and what goods they are carrying."
The ITP scenario also contained four rating questions (with one additional question for the company representatives): Both drivers and company representatives feel that ITP would have a positive effect on the driver's perceived safety ("trygghet" in Swedish, which encompasses the concepts of perceived safety and security as well as connotations of confidence and comfort). When considering the positive and very positive ratings, a clear majority of drivers (73%) and company representatives (85%) perceive a positive effect, benefitting the driver. Despite the general agreement that ITP would have a (very) positive effect, two drivers did express concerns over becoming potential targets as criminals may assume that trucks parked at "safe" areas must be carrying valuable cargo.
Key of Symbols
When formulating the interview questions, we also wished to know if there was a perceived trade-off between safety and privacy when using various ITS services, where one accepts less of one in order to gain more of the other. In the case of ITP, there is no evidence supporting the existence of perceived trade-off of increasing safety perceptions at the expense of privacy as both the drivers and company representatives clearly feel that the ITP service will have no effects on the driver's sense of privacy. Similar results were found in the section of the interview concerning general integrity in the workplace when asking rating questions on the effect of being able to locate a vehicle in real time on the driver's sense of privacy, and on the effect of being able to reconstruct driver behavior with the help of vehicle data on the driver's sense of privacy.
Technically, the Swedish language does not include the word "privacy." In the interview, the closest equivalent Swedish phrase "personlig integritet" was used, which directly translates to "personal integrity." This phrase is potentially problematic as integrity has many connotations, such as honesty, trust, justice, control, dignity, autonomy, etc., which may explain the few answers indicating that the ITP service would have a positive effect on drivers' privacy even though it is not a privacy-enhancing service. As some participants pointed out, having vehicle data showing locations, times, and behavior can be an advantage for the drivers and companies in that it can be used to settle disputes or to make drivers aware of how to improve their driving style, e.g. staying within the speed limits, eco-driving, etc. In the case of ITP, being able to prove you were at a certain parking area at a certain time may enhance your "integrity" in the sense that it serves as evidence of your honesty. Although increased perceived safety is clearly beneficial to drivers, the interview also included questions about the ITP service's general benefit to drivers and companies, respectively. On average, the perceptions of benefit to the driver were neutral and the perceptions of benefit to the company were slightly positive. Although the drivers' perceptions of benefits differed the most (with the company benefits higher), there was no significant difference between how each group rated the benefits to both their own group and to the other group. The slightly higher perceived benefit for the company may reflect the possibility for ITP to ensure a higher level of security for the road hauler's customers and goods carried. Multiple participants mentioned that the use of secure parking is highly influenced by the customers' demands and type of goods to be delivered.
Regarding the neutral benefit of the ITP service for the drivers, the results of this question may appear to contradict the earlier results indicating a positive effect of the ITP service on drivers' perceived safety. In this case, the positive effect on perceived safety does not directly translate to a perception of overall benefit. Why this is so is difficult to determine, but may be due to an already sufficient base level of perceived safety, in which case an improvement would be more of a bonus than a necessity. Also, perceived safety is only one of the possible benefits of ITP, as discussed above, and the end users may not prioritize it as highly as other benefits. This illustrates the importance of asking complementary questions in order to paint a more complete picture of users' attitudes. As seen from the next question, a positive impact on perceived safety will not either translate into a high willingness to pay. The neutral to slightly positive perceived benefits to the drivers and companies, respectively, translate into a low willingness-to pay on the part of the companies. Half of the company representatives stated that they were not willing to pay anything at all (per month and vehicle) for the ITP service. One company representative commented that there is, in general, no margin for extra costs in the haulage sector. Another commented that they would be willing to pay to park at a parking area, but they wouldn't be willing to pay for information about such an area or for booking a parking place at it, analogous to an individual finding and booking versus paying to sleep in a hotel. It should be noted, however, that 80% of those not willing to pay had identified themselves as primarily national haulers. Considering that one representative and two drivers added that the ITP service was much more relevant for international or night trips than for regular, urban, or national trips, this could partially explain the national haulers' lower willingness to pay.
Question
Of those company representatives (half national haulers and half international) willing to pay for the ITP service, 20% stated they were willing to pay up to 50 SEK and 20% between 50 and 100 SEK ("1 is worth just over 9 SEK as of August 2011). Assuming these 50% of companies willing to pay are representative of the Swedish HGV fleet (i.e. half of the approximately 65,000 vehicles will have the service), and assuming a revenue estimate of "5 per vehicle per month (which falls in the lowest positive category), the annual revenue amounts to 1.95 million Euros. This is far less than the cost estimate for nationwide deployment (49.16 million Euros) in Sweden (12) , which suggests that the information side of the ITP service has a better chance of success as part of a package of services rather than as a stand-alone service, thus further pointing to the need for developing ITP on shared infrastructure or multi-service architectures.
CONCLUSIONS AND FURTHER WORK
The deconstruction of ITP benefit areas and stakeholder groups carried out in this article provides preliminary steps toward a comprehensive assessment and analysis of ITP benefits. The paper identifies main benefit areas for ITP and suggests a theoretical analysis of such benefit areas. The results of the theoretical analysis indicate that drivers and road haulage companies, followed by goods owners and parking infrastructure owners, will benefit the most from the implementation of an ITP service. Interviews investigating the drivers' and companies' attitudes towards the ITP service indicate that ITP will contribute to the drivers' perceived safety and not invade their privacy. Additionally, the benefit for the company was perceived as slightly positive, and marginally higher than the benefit for the drivers (neutral benefit). This also translated into a low willingness to pay on the part of the companies, especially by national haulage companies, the majority of which were not willing to pay anything for the ITP service. Based on the company representatives' estimates of the worth of the ITP service, the annual revenue is approximated at 1.95 million Euros, which is significantly lower than the initial implementation cost. The general conclusion is that the ITP service has a better chance of success as part of a package of services rather than as a stand-alone service, thus further pointing to the need for developing ITP on shared infrastructure or multi-service architectures. Further work could include quantifying the suggested benefit areas for a defined case. Also, all stakeholder groups could be included in an in-depth analysis, e.g. via a more theoretical Delphi study relying on a panel of experts or interviews focused only on the ITP service, which would allow for a more thorough exploration of the stakeholders' perceptions.
